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Summary
The development of dryland salinity in agricultural areas within Western Australia has
been attributed to rising watertables caused by changes in land use.  Replacement of
native vegetation with agricultural crops has increased the amount of rainfall
becoming recharge, causing groundwater to rise.  Future changes to land use will
have consequences for the extent, control and management of dryland salinity.
As part of the National Land and Water Resources Audit, an assessment of current
and possible future land use was undertaken.  This data was used to assess the
impact of land use change on the future extent of salinity.
Workshops were conducted through Agriculture Western Australia offices to collect
land use data.  Soil mapping by the Natural Resource Assessment Group was used
to provide zones, soil types and distribution.  Land use was allocated to major soil
types in each zone.  The data was analysed using AgET and Catcher computer
software to estimate recharge associated with different land uses.
It was found that in some areas there is real capacity for changing land use to impact
on recharge to the watertable.  However, the analysis has also shown that despite an
optimistic approach, land use change in unlikely to impact substantially on the
eventual extent of salinity (by recharge reduction) in most areas of the State.  It may
even result in increased recharge rates in some zones.
A few areas are predicted to change land use sufficiently to delay the onset of salinity
by more than 20 years.  These occurred in the Arrowsmith Zone (224), Salmon
Gums Zone (246) and the Boorokup Lakes Zone (247).  The associated land use
changes reflected an increase in the areas of woody perennials.  Further land use
changes in these areas should be considered.
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Background
The National Land and Water Resources Audit (NLWRA) identified Dryland Salinity
as one of seven major themes of the nation’s land, water, vegetation and natural
resource management.  Project 1 has been developed to identify the Extent and
Impact of Dryland Salinity.  A national report was completed in June 2000.  The
NLWRA timeframe required extent and impacts to be based on the best readily
available data.  The agreed data elements analysed nationally were groundwater
levels from bores and wells monitored over recent years.  Analysis of the impact of
salinity on agriculture, water resources, biodiversity and infrastructure for current
(2000) and future years (2020 and 2050) was undertaken.  Current land uses (i.e.
agricultural crops) have produced the mainly upward trends measured in watertables.
Documenting possible future land uses and analysing impact on recharge will provide
some assessment of future extent and impact of salinity.  It may also indicate where
management might be successful, and where more resources may be required to
bring about beneficial change.
Ferdowsian et al. (1996) estimated that in 1994 approximately 9.4% of cleared
agricultural land was affected by salinity.  Salinity was defined as areas where the
levels of excess salts in the root zone were sufficient to reduce potential yield by
more than 50%.  The area affected was predicted to increase to about 17.1% in
2010/20 and by equilibrium might affect as much as 31.8% of the cleared agricultural
areas. Changing land use from low water use options such as annual crops and
pastures to higher water use options (e.g. perennials, both woody and herbaceous) is
one approach that could be taken to address the increasing salinity issue.
The impacts of changing land uses were examined by George et al. (1999) who used
a simple ‘flow tube’ model to investigate the long-term impacts of different
management strategies.  These strategies were based on the high water use options
recommended by the State Salinity Action Plan (1996) and include adoption of alley
systems, broadscale sowing of herbaceous perennials such as lucerne, tree
plantations etc. Results suggested that the eventual extent of salinity could be
reduced if perennial vegetation was planted on at least 70% of the landscape.  It also
suggested that lesser areas of perennial/high water use vegetation would not change
the extent of salinity, but might delay its eventual onset.
Through research, extension and landcare activities, Agriculture WA promotes
adoption of high water use plants to address rising groundwater. The extent to which
land use changes are integrated into future farming systems will impact on future
salinity.  The depth and range of agricultural research and experience in the agency
provided a basis for examining current land uses, and the most likely future land uses
given economics, markets, research, extension etc.
This report details the results from a series of workshops held throughout the
agricultural regions to document both current and possible future agricultural land
use.  The data was collated and analysed to determine the relative impact on
recharge of any predicted land use.  The results are discussed in terms of likely
future salinity scenarios. The future impacts on water resources, biodiversity and
infrastructure have been reported elsewhere.
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Methodology
Spatial Framework
Soil-landscape mapping by Agriculture WA’s Natural Resource Assessment Group
(NRAG) has provided a spatial context to report and analyse land use and other data
for the NLWRA.  NRAG has classified the State using a hierarchical system (see
Figure 1). The top order incorporates the national CSIRO land classification after
Isbell (1996).  The Western Region of this classification covers the agricultural areas
of WA and has been further subdivided to zone level.  A zone is defined as an area
of similar geomorphology or geology.  Zones were used as the spatial units in which
to allocate land use data.
Soil-landscape mapping hierarchy
2 25
255
255CfSKu
255CfSK
255Cf
Figure 1. Explanation of the soil-landscape mapping hierarchy.
Agricultural land use is easier to document when discussed in terms of soil types and
landscape position, rather than broad geological units.  The major soil groups
(referred to as supergroups) have been allocated by percentage of area to each
zone.  Texture or permeability profile, coarse fragments and water regime define
supergroups.  Soil groups (which combine to form supergroups) are defined by
calcareous layer, colour, depth of horizons, pH and structure.
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In most zones approximately 80% of the zone area is covered by up to five or six
supergroups.  Land use was allocated against each of these supergroups in each
zone.
Land use data
Land use data was available in some formats prior to the study.  However, no data
was available for current and future land use based on ‘the most likely’ actual land
use as opposed to ‘desirable’ land use.  (Desirable land use was defined as the
optimum land use to control salinity.  It could imply broadscale adoption of ,
herbaceous and woody perennials.)  Data was therefore collected at a regional level
for each supergroup or zone for both current and predicted future land use.
Data was collected through a series of regional workshops.  A spread of ‘experts’
representing different aspects of agriculture (e.g. animal researchers, vets,
agronomists, crop specialists, hydrologists and economists) attended the workshops.
Participants had varied backgrounds and experience.  Some have worked within the
agricultural industry for over 20 years, others for only a year or two.  Participants also
ranged from specialists, who focus specifically on one aspect of agriculture, to
generalist advisers and landcare development officers.  This allowed for good
interaction between the various agricultural industries, e.g. wool versus cropping, and
for interaction between ‘traditional agriculture’ (crops and pastures) and those with a
landcare focus.  The mix provided some vigorous discussion over the likelihood of a
particular land use being present in 2020.  As a consequence, the results, while still
predictions, have some basis.  No estimates were made for 2050 as this was seen as
too remote for sensible prediction of market economies, sustainability issues etc. that
would impact on land use.
The participants were initially asked to list current land uses occurring in their region.
These were then allocated to the major soil types in each zone.  The area of each
soil type was known and used to assist in the allocation of land use.  Land use was
allocated as a percentage of each soil type, e.g. 70% annual crop, 25% annual
pasture and 5% trees.  The numbers were also checked by considering the actual
area each proposed land use represented.  For example, if deep sands represented
100,000 ha and it was considered that 50% of those deep sands were covered by
tagasaste, this would imply that there were 50,000 ha of tagasaste.  Considering a
distribution in hectares in this way assisted people to visualise if 50,000 ha of
tagasaste was reality, an over-estimate or under-estimate.  This provided the basis
for documentation of current land use.  Soil areas were supplied by the Natural
Resource Assessment Group.
Future land use was determined in a similar way.  Additional land uses were added if
participants considered these likely to be adopted by 2020.
Current and predicted future land use was allocated as a percentage of each soil
type within each zone.  Broad categories such as annual crop, annual pasture,
perennial pasture, fodder crops (generally tagasaste), trees etc. were adopted to
standardise data.  As the exercise was considering the broad recharge implications
of land use change it was not necessary to specify a particular crop type, e.g. if the
crop was barley or wheat.  Categories were made for rural lifestyle and urban land
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use, as these were perceived as significant in some zones.  These categories have
been aligned with standard classifications (Western Australian Standard Land Use
Codes, Ministry of Planning). Land uses were generally allocated at minimum
amounts of 5 or 10%, to a maximum of 100% of supergroup area.
Land use data was predicted for 2020.  Predictions were subjective but based on a
wide range of experience and background. Consideration was given to:
• Capacity for change within each soil type, e.g. was it realistic to assume that a
certain soil type could support a different crop or perennial plant.
• Predictions for increased salinity, which currently suggest that unless water use is
increased, approximately 30% of the landscape will eventually be affected by salt.
• Current research directions in terms of crop and pasture development, alternative
industries, e.g. oil mallees, issues relating to herbicide resistance etc.
• Market factors that might have direct influence on the types of land use adopted.
Issues such as the increasing ‘need’ to appear clean and green, or pressure from
European countries to demonstrate that Australian farming practices are
sustainable might drive this process.  Likewise the need remain profitable might
also strongly influence crop selection and the adoption or rejection of higher water
using options.
• Extension programs carried out by Agriculture WA and others to promote new
technologies, crops, issues relating to salinity, acidity etc.
• Adoption factors that would ultimately determine how much and what type of land
uses would be incorporated into farm management e.g. dollar returns, societal
pressures etc.
The aim was to increase overall water use where realistically possible.  Land use
was recorded as the most likely land use ‘on-ground’ as opposed to the ‘desirable’
land use, and documented for each zone.
Data analysis
Data analysis was required to determine the impact of land use change on recharge
and therefore on potential salinity.  Existing perennial vegetation is significant in
some regions and forms a dominant land use.  Perennial vegetation (remnant and
planted woody) has been measured through satellite and digital orthophoto
interpretation by the Spatial Resource Information Group (SRIG).  Participants in
each workshop were made aware that this data existed.  A nominal figure was
allocated to perennial vegetation with the understanding it would be scaled to
represent actual data.  The remaining areas were allocated land uses proportionally.
The proportions were considered correct and modified according to the area of
remnant vegetation.  Data was analysed to ascertain the relative amounts of
recharge under each land use (in each supergroup and zone) for current (2000) and
future (2020).  A water balance approach was used for this component.
The results of any change in recharge need to be related to changes to the extent of
salinity.  This was achieved through use of a previous study examining impact of
changing volumes of recharge on groundwater rise (George et al. 1999).
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Data adjustment based on measured land use
Estimated and measured areas of perennial vegetation were not always consistent.
During the workshops the area of perennial/remnant vegetation was nominally
allocated.  This was later corrected by the measured data, however the proportions
of land uses allocated to each soil supergroup or zone were assumed correct.  The
difference between the measured and allocated perennial vegetation was used to
scale the areas of remaining land use.
This process involved a series of calculations to adjust the figures to actual data:
1. Land use data was collected for supergroups and zones.
Example:  In Zone 211 the land use data collected, estimated remnant (Land use 8)
and perennial vegetation (Land use 9) were distributed as shown in Table 1.
Table 1. Estimated perennial vegetation allocated to Zone 211.
Zone Supergroup Land use % current land use
211 420 8 65
211 440 8 50
211 440 9 5
2. An estimate of each land use area was determined, based on:
• area of each zone
• percentage of each supergroup (to calculate supergroup area)
• percentage of estimated land use (to calculate area occupied by that use).
Example:  Zone 211 has a total area of 418,370 ha.  The two soil supergroups (Deep
Sands 440 and Shallow Sands 420) occupy the zone as shown in Table 2. The area
of each land use on each soil type could then be calculated using supergroup areas
and percentage of land use.
Table 2. Area of supergroups in Zone 211.
Supergroup Percentage Area of supergroup (ha)
(% x 418,370)
420 18 74,780
440 72 299,870
LAND USE CHANGES AND SALINITY IN WA
10
 Table 3.  Areas of perennial vegetation for supergroups 420 and 440.
(a) Supergroup 420 comprises 74,780 ha
Land use Percentage of
supergroup
Area of land use (ha)
(% x 74,780)
8 65 48,607
(b) Supergroup 440 comprises 299,870 ha
Land use Percentage of
supergroup
Area of land use (ha)
(% x 299,870)
8 50 149,935
9 5 14,994
3. Measured perennial vegetation data which includes remnant vegetation (8)
and planted woody perennials (9) was analysed to determine the total area in each
zone.  In Zone 211 there was a total of 226,375 ha of perennial vegetation.
4. The ratio between the total area of estimated vegetation for all supergroups in
the zone was determined.  This was used to allocate the area of measured
vegetation.  Finally, the percentage of the zone covered by vegetation was
determined using the new area figures and zone area.
Table 4.  Calculation of new land use percentages for perennial vegetation.
(a) Calculation of the ratio of areas of vegetation for Zone 211.
Zone Supergroup Land use % current Estimated area
vegetation
Ratio
211 420 8 65 48,607 3.24
211 440 8 50 149,935 10
211 440 9 5 14,994 1
(b) Allocation of measured areas using calculated ratios (new area based on
measured area of perennial vegetation of 226,375 ha).
Supergroup Land use Ratio New area based on
actual data (ha)
New percentage
(new area/ zone area)
420 8 3.24 51,530 69
440 8 10 158,950 53
440 9 1 15,895 5
Total 226,375
5. The remaining land uses needed to be scaled accordingly.  For supergroup
420 (Shallow Sands) perennial vegetation occupied 69% of the zone, leaving 31% to
be allocated to the other land uses.
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Zone Supergroup Land use Allocated
current land
use
Recalculated current
land use
211 420 4 10
211 420 8 65 69
211 420 18 20
211 420 19 5
A similar process was used to recalculate other land use percentages.  The ratio
between the remaining land uses was determined:
Supergroup Land use Allocated current
land use
Ratio
420 4 10 2
420 8 65
420 18 20 4
420 19 5 1
This ratio was used to allocate the remaining 31% of the zone.
Table 5. Calculation of new land use percentages.
Supergroup Land use
code
Allocated current land use Ratio Recalculated
percentage
420 4 10 2 9%
420 8 65 - 69%
420 18 20 4 18%
420 19 5 1 4%
100 100%
This process was adopted for all zones and numbers recalculated.  Recalculation of
the land use percentages for 2020 involved one further assumption that the area of
perennial vegetation did not decline.  Table 11 shows the new values for Zone 211.
The full dataset is contained in Appendix 1.
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Table 6.  Reallocated land use percentages for Zone 211.
Zone Supergroup Land use Recalculated
2000
Recalculated for
2020
211 420 4 9 4
211 420 8 69 69
211 420 18 18 19
211 420 19 4 8
211 440 18 14 18
211 440 8 53 53
211 440 9 5 3
211 440 15 5 4
211 440 19 5 9
211 440 4 19 13
Water balance calculations
Different land uses significantly alter the amount of recharge occurring through the
landscape and will impact on the depth and trend of watertables.  To determine the
significance of the proposed land use changes the data was used to run two water
balance models, AgET and Catcher.
AgET is a simple water balance calculator based on a cascading bucket principle that
once the first bucket fills up it overflows to the next.  The buckets represent different
soil horizons.  These have been simplified to an A, B and ‘deep’ soil horizon.  The
deep soil represents everything below the B horizon.  AgET is a relatively simple
one-dimensional model.  It does not measure plant ‘water use’, but estimates total
evapotranspiration (combined soil water evaporation, plant water use and direct
water loss by evaporation and interception).  These are determined using information
about the soils, plants and climate. The model uses 40 years of actual climatic data
and ‘representative’ soil and plant information obtained from the agricultural areas of
Western Australia.
AgET has significant limitations.  The program is unable to model episodic events
which may significantly contribute to groundwater recharge (Lewis 1998).  It is also
not suited to areas where the root zone and watertable are in contact (e.g. discharge
areas), or where waterlogging, flooding and inundation significantly affect plant water
use.  As one supergroup is wet and waterlogged soils, this will limit the applicability of
some results.
The program was designed to demonstrate broad processes and likely outcomes.
For this exercise emphasis was on relative changes in recharge rather that the
absolute numbers, the program therefore provided an adequate method for
assessing impacts of different land use types and distribution.
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To operate AgET, the user selects a rainfall zone/site, soil unit, plant or farming
system of interest, and then runs the model using current and alternative farming
systems (or land uses) that may be suited to that environment.  The output shows the
distribution of water, e.g. the amount of recharge, runoff, and evapotranspiration.
These calculations can be made for a range of annual or perennial plants within
farming systems.
AgET contains a file with general soil attribute data for different soil types which is
generally applicable across the State.  Soil data includes horizon thickness, saturated
moisture content, field capacity (drained upper limit), wilting point (drained lower limit)
and minimum, recommended and maximum values of saturated hydraulic
conductivity at both the A/B horizon interface, and the bottom of the B horizon
(B/deep soil interface).
Soil supergroups vary significantly between zones.  To improve the model, new soils
files were created to more accurately represent supergroups in each zone.  These
were compiled using soil data documented by NRAG (Schoknecht 1999).
Crop data (factors describing the monthly water use and effective rooting depth of
different plant types) is also required for the program and is not widely available.  The
data that is available is of variable quality.  The default values used were established
from best available sources (see AgET Technical Reference, Argent 1999) and used
in the calculations.
Model calibration to ensure that predicted recharge was comparable to measured
recharge was achieved using data from the Catchment Hydrology Group which has
summarised groundwater trends across the State (Nulsen 1998).  Soil and crop files
were calibrated to produce recharge estimates consistent with measured rates of
rise.  Where this data was not available, it was assumed that 10% of rainfall would
become recharge.
Water balances for each land use/supergroup/zone were calculated and stored for
use in Catcher (Argent 2000 ).
Catcher performs a bulk catchment water balance based on the proportion of each
soil type in the specified combination of soils.  No spatial relationship of these soils is
considered.  It uses monthly point-value estimates of evapotranspiration, runoff and
recharge flow from AgET.  Catcher sums these figures for a given catchment,
allowing users to see how much effect different land uses in different areas of a
catchment can have on the water balance.
While the approach is approximate only, the exact figures for recharge were not
required.  Instead, the relative differences at a zone level were used to indicate the
impact of land use change on watertable levels.
LAND USE CHANGES AND SALINITY IN WA
14
Analysis of water balance
George et al. (1999) undertook research for the State Salinity Council using a flow
tube model to determine the impact of changing volumes of recharge on watertable
rise.  They found that unless there was significant change, i.e. almost total
revegetation with perennials (>70% land area), management would have limited
impact on the eventual extent of salinity.  However, they did find that reduction in
recharge of approximately 25% might delay onset of salinity by 10 to 20 years, and a
reduction of 50% might cause delay of 20 to 60 years.
These broad categories provided a basis for analysis of the impact of land use
change.  Three categories of relative change were used:
• <25%;
• 25 to 50%; and
• >50%.
The associated impacts were described as: no impact; a potential delay of 20 years;
and potential delay of 50 years, respectively.  These categories were applied to the
data to determine the potential impact of land use change on salinity.
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Results
The soil-landscape mapping across the agricultural areas of the State has produced
30  zones as shown in Figure 2.  For further details regarding the mapping system
refer to Purdie (1999).  Supergroups have been allocated to each zone and the
dominant soil types determined.  Supergroups were selected to cover approximately
80% of each zone, and selection was based on percentage of zone.  Thirteen
supergroups covered all soil types found in zones in the agricultural areas of WA as
shown in Table 7.
The full dataset detailing supergroup details for each zone is contained on NRAG
databases but the supergroup names, codes and brief descriptions are shown in
Table 7.  Each zone contains a series of supergroups, with a code, known
percentage and area.
Table 7.  Soil supergroups, codes and descriptions (after Schoknecht 1999).
Soil supergroup Code Description
WET OR
WATERLOGGED
100 Soils seasonally wet within 80 cm of the soil surface for a major part
of the year.
ROCKY OR STONY 200 Soils, generally shallow, with >50% coarse fragments >20-mm in
size throughout the profile.  Includes areas of rock outcrop.
IRONSTONE
GRAVELLY SOILS
300 Soils that have an ironstone gravel layer or duricrust/cemented
gravels within the top 15 cm, and ironstone gravels a dominant
feature of the profile.
SANDY DUPLEXES 400 Soils with a sandy surface and a texture contrast or a permeability
contrast at 3–80 cm.
SHALLOW SANDS 420 Sands <80 cm over rock, hardpan or other cemented layer.
DEEP SANDS 440 Sands >80 cm deep.
SANDY EARTHS 460 Soils with a sandy surface and grading to loam by 80 cm.
LOAMY DUPLEXES 500 Soils with a loamy surface and a texture contrast at 3–80 cm.
SHALLOW LOAMS 520 Loams <80 cm over rock, hardpan or other cemented layer.
LOAMY EARTHS 540 Soils with a loamy surface and either loamy throughout or grading
to clay loam or clay by 80 cm.
CRACKING CLAYS 600 Soils that have a clayey surface at least 30 cm thick and do not
crack strongly when dry.
NON-CRACKING
CLAYS
620 Soils that have a clayey surface at least 30 cm thick and do not
crack strongly when dry.
MISCELLANEOUS
SOILS
700 Other soils.
In each zone the breakdown by area of supergroups is documented as the example
in Table 8 which shows the soil groups in decreasing order of size for Zone 211.  In
this zone the Deep Sands (440) and Shallow Sands (420) comprise 89.6% of the
area therefore land use was allocated to these soil types only.
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Figure 2. Soil-landscape zones for south-western Australia.
Table 8.  Supergroups by area and percentage for Zone 211.
Zone Code Supergroup Area %
211 440 Deep Sands 299.87 71.68
211 420 Shallow Sands 74.78 17.88
211 700 Miscellaneous Soils 16.43 3.93
211 100 Wet or Waterlogged Soils 11.06 2.64
211 Unallocated soils 7.85 1.88
211 200 Rocky or Stony Soils 3.91 0.94
211 540 Loamy Earths 2.54 0.61
211 400 Sandy Duplexes 1.33 0.32
211 500 Loamy Duplexes 0.57 0.14
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Seventeen land use categories were developed during the workshops which are
shown in Table 9.  Where applicable, these have been standardised with the
WASLUC classifications.
Table 9.  Land use categories and WASLUC equivalents.
Land use Land use description WASLUC Code
1 Crop - annual 8118
2 Crop - irrigated 8118
3 Crop - summer 811930
4 Pasture - annual 81162
5 Pasture - perennial 81165
6 Pasture - irrigated annual 81162
7 Pasture - irrigated perennial 81165
8 Trees - remnant vegetation 911
9 Trees - commercial 831
10 Trees - non-commercial 92#
11 Trees - alleys
12 Fodder - alleys
13 Fodder - perennial shrub (non-saline)
14 Fodder - perennial saline
15 Horticulture (vines, trees etc.) 8169
16 Fallow
17 Lakes - free water
18 Urban
19 Rural 8119
# Forest areas – non-commercial
These land uses were allocated to each supergroup as a percentage.  For example
Table 10 shows the data for Zone 211 allocated against Deep Sands (440) and
Shallow Sands (420), the major soil types for this zone.
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Table 10.  Land use allocation for main supergroups in Zone 211.
Zone Supergroup Land use Per cent 2000 Per cent 2020
211 420 4 10 5
211 420 8 65 60
211 420 18 20 25
211 420 19 5 10
211 440 18 15 20
211 440 8 50 47
211 440 9 5 3
211 440 15 5 5
211 440 19 5 10
211 440 4 20 15
In Zone 211, the dominant allocated land use for the Shallow Sands (420) was
remnant vegetation with small areas of annual pasture.  Urban development was also
a significant feature of this zone.  By 2020 little change in land use was predicted,
with a minor reduction in area of remnant vegetation and an equal increase in urban
areas.  Data was collected in this format for all zones in agricultural areas.
The data was analysed to determine if the nominated areas of perennial vegetation
reflected the known (measured) areas.  Total areas of measured perennial
vegetation for each zone are shown in Table 11.  These were used to adjust the
estimated perennial vegetation, and to scale the remaining land uses.  All land use
data was adjusted using the reported method collated in Appendix 1.
Water balance calculations
AgET contains general crop and soil files for use in water balance calculations.  The
crop files are based on the limited amount of data available relating to plant water
use. These were deemed the most accessible given the reporting time frame of the
project.  Full details can be obtained from the AgET Technical Manual (Argent 1999).
Besides land use options, soil and crop datasets are required to run the model.
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Table 11.  Percentage of each zone occupied by perennial vegetation.
Zone Percentage occupied by
perennial vegetation
Zone Percentage occupied by
perennial vegetation
211 55 244 44
212 51 245 29
213 10 246 20
221 28 247 34
222 27 251 55
223 9 252 82
224 19 253 40
226 7 254 72
231 27 255 81
232 21 257 11
233 17 258 8
241 29 259 16
242 42 271 11
243 34 272 16
Crop data
The default values were used except in two cases:
• Rooting depth for volunteer pasture was 30 cm but considered too shallow for
some situations e.g. in Deep Sands, and was increased to 1 m.  Anderson et al.
(1998) found pasture root depths did not exceed crop root depth, but were
present to >1 m.
• Because no data existed for horticultural crops in AgET, horticultural land uses
were recorded in several zones and varied from annual crops e.g. melons, to
perennial crops such as grapes and fruit trees.  The area occupied by horticulture
was relatively small and tended to occur in irrigated areas where salinity is
induced by irrigation (rather than dryland processes).  Many of these crops are
not highly active in winter.  A crop file was developed to broadly represent these
horticultural crops and labelled ‘vines’.  To indicate recharge for this land use a
file combining volunteer pasture factors (winter) and perennial lucerne factors
(summer) was made.  The factors were manipulated to produce approximately
20% more recharge reflecting irrigation (R. George, pers. comm.).  Rooting depth
information was supplied by Agriculture WA staff (K. Burke, pers. comm.).
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Soil data
Soils information is available at supergroup level across WA.  The guide to the main
soils of Western Australia (Schoknecht 1999) references the attributes of each soil
and supergroup and the distribution.  For example, the Ironstone Gravelly Soils
comprise four groups – Deep sandy gravel, Duplex sandy gravel, Loamy gravel and
Shallow gravel.  In each zone a different soil group or combination may dominate the
supergroup.  For example, the Deep Sands in Zone 211 are dominated by
Calcareous deep sand, while in Zone 222 the Pale red deep sand and Gravelly pale
deep sand are more important.
The supergroups in each zone were assessed to determine which soil groups were
the dominant components and the attributes for these soils recorded.  This data was
used to construct soil files appropriate for each zone.
Additional hydraulic information (field capacity, wilting point and estimates of
saturation) was obtained through standard texts such as Fetter (1988).  The full list of
attributes for each supergroup in each zone is listed in Appendix 2.  These should be
used in reference with the AgET Technical Manual (Argent 1999).
One limitation of the model was a tendency to over-estimate runoff.  Manipulating the
files to reduce the runoff component caused an increase in recharge.  Even after
calibration some values were excessive.  It was not possible to reduce runoff and
maintain recharge within observed levels.  The model was manipulated to primarily
reflect observed recharge levels.
Recharge estimates from AgET were used to drive the Catcher model to determine
the total recharge for each supergroup.  The results show the recharge from the
collective land use for each supergroup.  Total recharge was determined using the
percentage of each supergroup in the relevant zone to account for the proportion of
each soil type.  Tables 12 and 13 illustrate the output for Zone 213.
Table 12.  Calculation of total recharge for Zone 213 using AgET and Catcher.
Supergroup Time Recharge
(mm/yr)
Runoff
(mm/yr)
100 2000 60 324
2020 62 327
400 2000 176 199
2020 180 201
440 2000 339 75
2020 353 77
540 2000 178 179
2020 180 179
600 2000 143 178
2020 144 182
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Table 13. Calculation of recharge for Zone 213 based on percentage of soils.
Time Supergroup Percentage
of zone
Weighted recharge (mm/yr)
(Supergroup % x recharge)
2000 100 36 22
2020 22
2000 400 28 48
2020 50
2000 440 8 26
2020 27
2000 540 7 13
2020 13
2000 600 9 12
2020 13
Total  2000 122
2020 125
Zone 213 (Pinjarra) comprises alluvial deposits located between Bassendean Dunes
and the Darling Scarp.  It has an average annual rainfall of 900 mm.  The results
show large variations in recharge on different soil types.  For example, modelling of
Deep Sands (440) suggested estimates of >300 mm of recharge for this soil type
while for Cracking Clays (600) estimates are approximately 140 mm.  The latter may
be influenced by the difficulty in accurately modelling runoff and recharge.  It might
be expected that on Cracking Clays more rainfall would become runoff.  It
demonstrates a lack of data for this soil in this zone.
The recharge under Deep Sands, while excessive, is probably indicative of what
occurs in the paddock.  Anderson et al. (1998) recorded 193 mm of recharge in June
to August 1995 and 100 mm in July to August 1996.
In the paddock, several soil types may contribute to measured groundwater data
which is used to determine recharge.  The data is more likely to reflect variable soils
surrounding the monitoring site.  Therefore, while individual recharge figures were
possibly high, in combination, i.e. for the whole zone (see total in Table 9), the
amount corresponds to measured estimates (~120 mm).
These calculations for each zone are presented in Figures 3 and 4.  These show
estimated recharge for each zone for each timeframe based on the recorded land
use data. Changes in recharge are apparent but it is difficult to determine if there are
major changes in recharge volume.  Therefore, the percentage change of future
recharge compared to current recharge was determined.  This is shown in Figure 5
which clearly demonstrates changes in recharge by predicted land use.
The results show that for Zones 211, 213, 223, 225, 242, 252, 255 and 271 the
predicted land use change will cause some increase in the volume of recharge.  The
increases were generally less than 10%, the exception being Zone 271 where a 17%
increase in recharge was estimated.
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Of the zones where land use change will reduce recharge, 14 of 16 showed a
percentage reduction of less than 20%; an estimated reduction of less than 30%
occurred in two; and only one (224) showed a reduction of 43%.
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Figure 3. Estimates of recharge under current land use for each soil-landscape zone.
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Figure 4. Estimates of recharge under predicted future land use for each
 soil-landscape zone.
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Figure 5. Percentage difference in recharge between current and future land uses.
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Discussion
The data has shown that in general, predicted land use change will have a variable
impact on recharge, and is not guaranteed to reduce it.  That is, the most realistic
land uses predicted for 2020 might actually increase recharge, despite our
knowledge of the need to adopt land uses that reduce recharge in order to control
salinity.
In Zone 271 predicted land use for 2020 resulted in increases to recharge by 17%.
Figures 6 and 7 show land use for the three largest supergroups in Zone 271 (Irwin
River) and Zone 224 (Arrowsmith) respectively.  Only minor increases in areas of
perennials of any form (herbaceous or woody) are predicted in Zone 271.  An
increase in the fallow area is predicted on the Deep Sands, those likely to allow the
highest volumes of recharge.
Irwin Zone contains soils that are highly sodic and saline.  These are mostly
associated with glacial soils derived from the Nangetty Formation.  Current land use
(primarily poor annual pasture) has resulted in soil loss due to wind erosion and
increased recharge causing rising groundwater.  It was predicted that conditions
would decline given current land management, so that less vegetation cover and
therefore less water use, would prevail in 2020.  Thus a combination of poor quality
soils and lack of vegetative cover would contribute to the increases in recharge.
In contrast, Zone 224 expects increased areas of perennials in all major soil
supergroups, particularly in the form of perennial pastures (Figure 7).  On the Deep
Sands (440), both commercial and non-commercial woody perennials are
anticipated.  As most contributions to recharge were found to occur on sandy soils,
this increase in perennials should result in the greatest overall reduction in modelled
recharge for any of the zones.
Work undertaken by George et al. (1999) demonstrated that increase in recharge
would have little impact on the eventual extent of salinity, however it would speed the
process, reducing the time to establish a new hydrological equilibrium.
George et al. also attributed reductions in recharge to both delaying the onset of
salinity and, if significant (i.e. greater than 70% of the landscape in perennials)
actually affecting the eventual extent.  Three categories were developed from the
modelling data to examine the impact of this recharge reduction on future salinity:
• recharge reduction of <25% having minimal impact on broadscale salinity;
• reduction of 25 to 50% which would effectively ‘buy’ about 20 years of time, i.e.
delay salinity by 20 years; and
• recharge reduction of >50%, which might ‘buy’ 50 years i.e. delay salinity by 50
years.
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Figure 6.  Modelled recharge for current and predicted land use for largest
supergroups in the Irwin River Zone (271).
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Figure 7. Modelled recharge for current and predicted land use for the largest
supergroups in the Arrowsmith Zone (224).
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Table 14 shows the distribution of zones with a recorded reduction in recharge.  Of
19 zones representing about 80% of the agricultural area 16 expected recharge
reduction less than 25%.  This level of recharge reduction may delay the onset of
salinity in a local area, but it is unlikely that there will be any major impact on the
eventual extent of salinity development due to land use change.
Three zones fell within the 25 to 50% reduction category, in particular Zone 224
where 43% reduction was estimated.  These zones (Arrowsmith 224, Salmon Gums
246 and Boorokup Lakes 247) only represent 9% of the agricultural area.  The
predominant land use change was an increase in the area of woody, high water-
using perennials.  In these areas land use change has potential impact on the onset
and further development of salinity.
Table 14. Distribution of zones against recharge reduction categories.
Zone Category Zone Category
0-25% 25-50% 0-25% 25-50%
212 * 246 *
221 * 247 *
222 * 251 *
224 * 253 *
226 * 254 *
232 * 257 *
241 * 258 *
243 * 259 *
244 * 272 *
245 *
Zones not mentioned have an increase in percentage recharge.
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Conclusions
Changes in land use have potential to impact on watertable levels.  The impact and
extent of salinity is related to changes in watertables.  Collation of current and
predicted future land use information from across the agricultural areas of Western
Australia has shown that in some areas there is a real capacity for changing recharge
to watertables.  However, analysis of land use to determine estimates of recharge
has also shown that despite an optimistic approach, land use change in unlikely to
substantially impact on salinity (by recharge reduction) in most areas of the State.  It
may even increase recharge rates in some zones.
A few areas were expected to have sufficient land use change to delay the onset of
salinity by more than 20 years.  These were the Arrowsmith Zone (224), Salmon
Gums Zone (246) and Boorokup Lakes Zone (247).  Further land use changes in
these areas should be considered.
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Appendix 1. Type and percentage of land use in each supergroup and
zone.
(Data has been adjusted according to areas of measured perennial vegetation
Zone Super
group
Land
use
Scaled
% 2000
Scaled %
2020
211 420 4 9 4
211 420 8 69 69
211 420 18 18 19
211 420 19 4 8
211 440 18 14 18
211 440 8 53 53
211 440 9 5 3
211 440 15 5 4
211 440 19 5 9
211 440 4 19 13
212 100 8 36 36
212 100 17 0 7
212 100 19 9 7
212 100 5 55 50
212 440 15 2 3
212 440 13 0 3
212 440 10 0 6
212 440 4 28 15
212 440 19 10 12
212 440 8 60 60
213 100 5 59 50
213 100 19 5 9
213 100 8 14 14
213 100 18 9 14
213 100 15 0 5
213 100 7 14 9
213 400 8 14 14
213 400 18 9 14
Zone Super
group
Land
use
Scaled
% 2000
Scaled %
2020
213 400 7 14 9
213 400 5 59 54
213 400 19 5 9
213 440 5 5 5
213 440 4 47 40
213 440 9 9 2
213 440 15 2 3
213 440 19 14 20
213 440 18 23 30
213 540 7 50 35
213 540 15 25 35
213 540 19 20 25
213 540 18 5 5
213 600 7 14 9
213 600 19 5 9
213 600 5 59 50
213 600 8 14 14
213 600 18 9 14
213 600 15 0 5
221 420 4 58 44
221 420 19 0 15
221 420 8 42 42
221 440 1 9 0
221 440 4 51 26
221 440 8 32 32
221 440 13 9 17
221 440 5 0 17
221 440 10 0 9
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Zone Super
group
Land
use
Scaled
% 2000
Scaled %
2020
221 540 4 10 50
221 540 15 0 10
221 540 1 90 40
222 300 5 0 14
222 300 1 46 56
222 300 4 33 9
222 300 8 21 21
222 440 4 25 12
222 440 8 42 42
222 440 10 0 4
222 440 13 8 8
222 440 7 0 4
222 440 1 25 29
223 440 1 76 71
223 440 4 14 19
223 440 8 10 10
223 520 4 14 19
223 520 8 10 10
223 520 1 76 71
224 300 5 0 14
224 300 1 48 58
224 300 4 34 10
224 300 8 18 18
224 400 5 0 25
224 400 1 50 50
224 400 4 50 25
224 440 1 19 23
224 440 4 42 14
224 440 8 30 30
224 440 5 0 9
224 440 13 9 14
224 440 10 0 9
225 400 1 70 65
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
225 400 4 30 35
225 440 1 80 75
225 440 4 20 25
225 540 4 15 20
225 540 1 85 80
226 400 4 20 20
226 400 5 0 10
226 400 1 80 70
226 440 4 15 30
226 440 1 85 70
226 500 4 15 10
226 500 5 0 35
226 500 1 85 55
226 520 5 0 35
226 520 4 15 10
226 520 1 85 55
226 600 8 8 8
226 600 16 0 5
226 600 14 5 15
226 600 1 39 34
226 600 4 48 39
231 440 4 42 42
231 440 8 53 53
231 440 1 5 5
232 440 1 67 58
232 440 13 0 4
232 440 4 8 13
232 440 8 25 25
233 300 1 68 60
233 300 13 0 4
233 300 4 9 13
233 300 8 23 23
233 440 8 23 23
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Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
233 440 4 9 13
233 440 1 68 60
233 440 13 0 4
241 200 8 100 100
241 300 8 21 21
241 300 1 53 53
241 300 4 25 22
241 300 5 2 4
241 400 4 25 22
241 400 5 2 4
241 400 8 21 21
241 400 1 53 53
241 500 1 79 79
241 500 4 18 17
241 500 5 0 1
241 500 8 3 3
242 100 3 1 3
242 100 15 0 0
242 100 1 6 10
242 100 8 50 50
242 100 4 32 25
242 100 18 0 1
242 100 5 11 11
242 300 18 1 1
242 300 19 2 4
242 300 15 0 1
242 300 9 17 12
242 300 8 17 17
242 300 5 1 3
242 300 4 44 42
242 300 1 19 20
242 400 4 21 22
242 400 5 0 1
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
242 400 8 33 33
242 400 9 19 9
242 400 10 0 3
242 400 15 1 2
242 400 19 1 1
242 400 1 25 28
242 440 18 2 2
242 440 9 3 3
242 440 19 4 5
242 440 5 0 1
242 440 8 60 60
242 440 4 20 19
242 440 1 12 11
243 100 5 0 5
243 100 8 23 23
243 100 3 0 2
243 100 4 68 63
243 100 1 9 5
243 100 14 0 3
243 400 1 60 60
243 400 4 16 12
243 400 5 1 4
243 400 8 23 23
243 400 9 0 1
243 500 4 13 5
243 500 1 74 79
243 500 8 12 12
243 500 5 1 5
245 300 2 0 1
245 300 9 69 54
245 300 4 15 29
245 300 8 16 16
245 400 4 32 24
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Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
245 400 5 2 4
245 400 13 1 1
245 400 1 44 51
245 400 8 16 16
245 400 9 6 4
245 440 4 20 8
245 440 5 2 3
245 440 13 1 1
245 440 1 56 59
245 440 8 16 16
245 440 9 6 13
246 400 1 62 53
246 400 4 26 18
246 400 5 0 9
246 400 13 0 4
246 400 9 0 4
246 400 8 12 12
246 440 4 23 9
246 440 8 12 12
246 440 9 5 9
246 440 1 59 56
246 440 13 0 1
246 440 5 1 13
246 540 1 57 57
246 540 4 31 31
246 540 8 12 12
247 100 8 25 25
247 100 14 5 10
247 100 5 2 4
247 100 4 68 61
247 400 10 0 2
247 400 1 60 60
247 400 9 2 3
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
247 400 8 10 10
247 400 5 0 3
247 400 4 28 22
247 440 13 1 1
247 440 9 0 1
247 440 8 65 65
247 440 1 20 20
247 440 4 14 13
251 100 4 58 65
251 100 19 2 3
251 100 8 13 13
251 100 11 3 5
251 100 13 5 5
251 100 5 19 10
251 300 18 1 2
251 300 8 41 41
251 300 9 4 2
251 300 11 2 4
251 300 15 4 8
251 300 13 4 4
251 300 4 40 33
251 300 19 3 6
251 440 15 1 2
251 440 4 13 11
251 440 19 1 2
251 440 11 1 2
251 440 18 0 1
251 440 8 83 83
252 100 5 25 26
252 100 4 17 16
252 100 9 17 10
252 100 11 8 14
252 100 15 2 3
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Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
252 100 13 3 3
252 100 8 28 28
252 300 11 0 1
252 300 15 1 3
252 300 4 3 4
252 300 9 6 3
252 300 8 90 90
252 300 19 0 1
252 440 11 4 6
252 440 19 1 2
252 440 9 11 8
252 440 15 1 2
252 440 4 16 15
252 440 8 67 67
253 100 8 39 39
253 100 5 5 9
253 100 4 56 52
253 300 8 33 33
253 300 9 11 14
253 300 1 14 19
253 300 4 42 34
253 400 1 29 15
253 400 8 22 22
253 400 9 6 10
253 400 5 0 10
253 400 4 43 44
253 440 4 67 57
253 440 8 33 33
253 440 9 0 10
253 540 8 6 6
253 540 9 6 5
253 540 1 29 30
253 540 4 59 59
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
254 100 1 15 16
254 100 4 9 7
254 100 5 3 5
254 100 15 3 4
254 100 8 52 52
254 100 9 18 17
254 300 15 0 2
254 300 18 0 1
254 300 9 6 7
254 300 8 71 71
254 300 5 7 6
254 300 4 12 7
254 300 19 4 6
254 400 5 0 2
254 400 8 22 22
254 400 4 27 26
254 400 1 18 17
254 400 9 33 33
254 440 9 1 1
254 440 8 92 92
254 440 5 3 4
254 440 4 4 4
254 540 9 2 2
254 540 8 54 54
254 540 5 17 11
254 540 4 17 10
254 540 15 2 9
254 540 19 9 14
255 100 8 88 88
255 100 4 6 6
255 100 9 6 6
255 200 4 45 41
255 200 8 50 50
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Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
255 200 19 5 9
255 300 4 3 2
255 300 8 94 94
255 300 15 1 1
255 300 19 0 2
255 300 9 3 2
255 440 8 88 88
255 440 4 9 6
255 440 15 3 6
255 540 9 17 20
255 540 10 10 10
255 540 19 10 15
255 540 15 5 7
255 540 4 59 48
257 300 4 34 24
257 300 5 0 15
257 300 9 0 5
257 300 8 13 13
257 300 1 53 44
257 400 1 52 54
257 400 4 29 18
257 400 5 0 9
257 400 8 19 19
257 440 10 0 5
257 440 8 6 6
257 440 1 40 40
257 440 13 0 10
257 440 4 54 40
257 500 4 34 19
257 500 10 0 5
257 500 1 53 48
257 500 8 13 13
257 500 5 0 15
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
258 100 1 3 3
258 100 14 3 7
258 100 4 6 7
258 100 10 6 0
258 100 8 83 83
258 300 10 0 5
258 300 1 64 54
258 300 4 30 30
258 300 5 0 5
258 300 8 6 6
258 400 1 69 69
258 400 4 25 15
258 400 8 6 6
258 400 5 0 10
258 440 5 0 5
258 440 4 40 30
258 440 13 0 5
258 440 8 11 11
258 440 1 49 49
258 460 8 11 11
258 460 4 40 35
258 460 5 0 5
258 460 1 49 49
258 500 1 75 75
258 500 4 25 15
258 500 5 0 10
258 540 1 75 75
258 540 4 25 15
258 540 5 0 10
259 100 14 5 10
259 100 4 11 10
259 100 10 5 0
259 100 8 74 74
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Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
259 100 1 5 5
259 300 10 0 5
259 300 8 5 5
259 300 5 0 5
259 300 4 30 30
259 300 1 65 55
259 400 4 25 15
259 400 1 70 70
259 400 5 0 10
259 400 8 5 5
259 440 1 50 50
259 440 5 0 5
259 440 8 10 10
259 440 4 40 30
259 440 13 0 5
259 460 1 50 50
259 460 4 40 35
259 460 8 10 10
259 460 5 0 5
259 500 4 25 15
259 500 5 0 10
259 500 1 75 75
259 540 1 75 75
259 540 4 25 15
259 540 5 0 10
271 200 16 13 9
271 200 1 54 54
271 200 4 18 18
271 200 10 0 4
271 200 8 15 15
271 420 1 62 62
271 420 4 27 22
271 420 10 0 4
Zone Super
group
Land
use
Scaled
% 2000
Scaled
% 2020
271 420 8 11 11
271 440 16 18 36
271 440 1 53 36
271 440 10 0 4
271 440 4 18 13
271 440 8 11 11
271 520 4 27 22
271 520 10 0 4
271 520 8 11 11
271 520 1 62 62
271 540 1 71 67
271 540 4 18 22
271 540 8 11 11
272 200 16 13 9
272 200 1 52 52
272 200 4 17 17
272 200 8 18 18
272 200 10 0 4
272 520 1 70 70
272 520 4 30 25
272 520 10 0 5
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Appendix 2.  AgET Soil file values
Zone Soil type
indicator
Saprolite/
sediment
indicator
Summer
storm
runoff
threshold
Thick
ness
A
Sat A DUL A LOL A Thick
ness
B
Sat B DUL B LOL B DUL
deep
soil
LOL
deep
soil
KsatMin
AB
KsatAB KsatMax
AB
KsatMin
BDS
KsatBD
S
KsatMax
BDS
211
Shallow Sands 1 0 30 0.55 0.4 0.12 0.05 1 0.38 0.25 0.12 0.18 0.08 0.1 5 10 1 30 100
Deep Sands 0 0 30 1.15 0.4 0.11 0.04 1 0.37 0.24 0.08 0.19 0.07 1 12 15 1 25 100
212
Wet or Waterlogged 1 0 27 0.6 0.4 0.24 0.08 1.5 0.35 0.12 0.04 0.35 0.22 0.1 5 10 1 50 100
Deep Sands 0 0 30 1.15 0.37 0.13 0.06 1 0.34 0.23 0.07 0.17 0.07 1 10 12 1 30 100
213
Wet or Waterlogged 1 0 35 0.6 0.29 0.24 0.07 1.5 0.35 0.12 0.04 0.35 0.22 0.1 1 10 1 50 100
Sandy Duplexes 1 0 30 0.6 0.28 0.17 0.06 1 0.4 0.35 0.15 0.4 0.25 0.1 3 10 1 25 100
Deep Sands 0 0 40 1.15 0.28 0.18 0.07 1 0.34 0.27 0.09 0.18 0.06 0.1 6 10 1 25 100
Loamy Earths 0 0 30 0.7 0.48 0.27 0.1 1 0.48 0.37 0.18 0.38 0.22 0.1 2 10 1 15 100
Cracking Clays 0 0 30 0.8 0.5 0.36 0.22 1 0.5 0.28 0.12 0.4 0.25 0.01 2 5 1 15 50
221
Shallow Sands 1 0 30 0.6 0.28 0.17 0.07 1 0.38 0.25 0.12 0.18 0.08 0.1 3 10 1 30 100
Deep Sands 0 0 30 1.15 0.3 0.18 0.06 1 0.35 0.23 0.07 0.19 0.07 1 4 12 1 25 100
Loamy Earths 1 0 30 0.8 0.5 0.24 0.09 1 0.5 0.33 0.15 0.4 0.25 0.1 3 10 1 10 100
222
Ironstone Gravelly 1 0 33 0.55 0.35 0.21 0.08 1 0.37 0.2 0.07 0.35 0.13 0.1 5 10 1 25 100
Deep Sands 0 0 30 1.15 0.38 0.16 0.05 1 0.45 0.35 0.11 0.18 0.06 1 7 10 1 25 100
223
Deep Sands 0 0 30 1.15 0.4 0.13 0.04 1 0.4 0.3 0.09 0.18 0.07 1 10 10 1 20 100
Shallow Loams 1 0 27 0.35 0.5 0.23 0.07 1 0.5 0.24 0.09 0.36 0.11 0.1 5 10 1 25 100
224
Ironstone Gravelly 1 0 37 0.55 0.37 0.21 0.08 1 0.34 0.24 0.09 0.4 0.25 0.1 3 10 1 30 100
Sandy Duplexes 1 0 35 0.43 0.42 0.13 0.06 1 0.5 0.35 0.1 0.4 0.25 0.1 1 10 1 15 100
Deep Sands 0 0 25 1.15 0.27 0.17 0.04 1 0.35 0.31 0.1 0.2 0.07 1 5 10 1 20 100
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225
Deep Sands 0 0 30 1.15 0.4 0.13 0.05 1 0.38 0.23 0.07 0.19 0.07 1 9 10 1 20 100
Loamy Earths 1 0 30 0.7 0.5 0.23 0.05 1 0.5 0.35 0.09 0.4 0.25 0.1 6 10 1 10 100
Sandy Duplexes 1 0 35 0.3 0.38 0.14 0.06 1 0.5 0.35 0.1 0.4 0.25 0.1 3 10 1 15 100
226
Deep Sands 0 0 30 1.15 0.41 0.13 0.06 1 0.4 0.25 0.07 0.2 0.07 1 10 10 1 20 100
Loamy Duplexes 1 0 35 0.3 0.48 0.26 0.05 1 0.5 0.35 0.1 0.4 0.25 0.1 5 10 1 25 100
Shallow Loams 1 0 30 0.3 0.5 0.25 0.06 1 0.38 0.21 0.07 0.4 0.25 0.1 6 10 1 25 100
Cracking Clays 0 0 31 0.9 0.4 0.37 0.19 1 0.4 0.37 0.2 0.4 0.25 0.01 2 5 1 20 50
Sandy Duplexes 1 0 35 0.3 0.41 0.13 0.06 1 0.5 0.35 0.1 0.4 0.25 0.1 2 10 1 15 100
231
Deep Sands 0 0 30 1.15 0.42 0.15 0.07 1 0.37 0.18 0.06 0.18 0.06 1 8 10 1 20 100
232
Deep Sands 0 0 30 1.15 0.4 0.13 0.04 1 0.45 0.21 0.07 0.18 0.08 1 8 10 1 20 100
233
Deep Sands 0 0 30 1.15 0.41 0.12 0.04 1 0.4 0.25 0.09 0.18 0.07 1 14 15 1 20 100
Ironstone Gravelly 1 0 30 0.7 0.45 0.16 0.05 1 0.48 0.25 0.07 0.4 0.25 0.1 13 15 1 10 100
241
Rocky or Stony 1 0 33 0.2 0.41 0.12 0.05 1 0.4 0.11 0.05 0.1 0.02 0.1 1 10 1 10 50
Ironstone Gravelly 1 0 30 0.5 0.27 0.2 0.07 1 0.31 0.2 0.07 0.35 0.13 0.1 4 10 1 30 100
Sandy Duplexes 1 0 45 0.35 0.25 0.18 0.07 1 0.4 0.37 0.19 0.4 0.25 0.1 3 10 1 20 100
Loamy Duplexes 1 0 35 0.3 0.34 0.28 0.06 1 0.38 0.38 0.2 0.4 0.25 0.1 2 10 1 10 100
242
Deep Sands 0 0 30 1.15 0.26 0.17 0.04 1 0.37 0.21 0.07 0.18 0.08 1 3 10 1 20 100
Sandy Duplexes 1 0 20 0.4 0.25 0.18 0.05 1 0.42 0.38 0.22 0.4 0.25 0.1 2 10 1 10 100
Ironstone Gravelly 1 0 30 0.6 0.27 0.21 0.07 1 0.38 0.28 0.1 0.4 0.25 0.1 3 10 1 20 100
Wet or Waterlogged 1 0 30 0.6 0.27 0.24 0.07 1.5 0.3 0.12 0.04 0.35 0.22 0.1 1 10 1 50 100
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243
Wet or Waterlogged 1 0 20 0.6 0.32 0.25 0.1 1.5 0.35 0.2 0.05 0.35 0.22 0.1 2 10 1 50 100
Sandy Duplexes 1 0 33 0.3 0.27 0.16 0.04 1 0.35 0.33 0.09 0.4 0.25 0.1 1.5 10 1 15 100
Loamy Duplexes 1 0 30 0.3 0.41 0.3 0.1 1 0.38 0.38 0.2 0.4 0.25 0.1 2 10 1 15 100
244
Rocky or Stony 1 0 33 0.2 0.41 0.12 0.05 1 0.4 0.11 0.05 0.1 0.02 0.1 2 10 1 10 50
Ironstone Gravelly 1 0 30 0.7 0.32 0.17 0.07 1 0.31 0.2 0.07 0.35 0.13 0.1 5 10 1 30 100
Sandy Duplexes 1 0 45 0.35 0.26 0.15 0.07 1 0.4 0.37 0.19 0.4 0.25 0.1 2 10 1 20 100
Loamy Duplexes 1 0 35 0.3 0.4 0.27 0.1 1 0.38 0.38 0.2 0.4 0.25 0.1 2 10 1 10 100
245
Deep Sands 0 0 30 1.15 0.25 0.18 0.08 1 0.4 0.33 0.19 0.38 0.22 1 3 10 1 25 100
Sandy Duplexes 1 0 30 0.45 0.25 0.18 0.06 1 0.4 0.37 0.2 0.4 0.25 0.1 1 10 1 20 100
Ironstone Gravelly 1 0 30 0.55 0.25 0.19 0.05 1 0.4 0.32 0.11 0.4 0.25 0.1 3 10 1 15 100
246
Deep Sands 0 0 30 1.15 0.3 0.16 0.04 1 0.37 0.21 0.07 0.18 0.08 1 7 10 1 20 100
Sandy Duplexes 1 0 30 0.3 0.26 0.17 0.05 1 0.41 0.38 0.21 0.4 0.25 0.1 2 10 1 20 100
Loamy Earths 0 0 30 0.8 0.46 0.27 0.09 1 0.5 0.35 0.15 0.4 0.25 0.1 5 10 1 10 100
247
Wet or Waterlogged 1 0 20 0.6 0.3 0.24 0.07 1.5 0.35 0.12 0.04 0.35 0.22 0.1 1.1 10 1 50 100
Sandy Duplexes 1 0 30 0.55 0.25 0.18 0.05 1 0.4 0.37 0.18 0.4 0.25 0.1 1.5 10 1 10 100
Deep Sands 0 0 20 1.15 0.28 0.17 0.05 1 0.35 0.25 0.07 0.4 0.24 1 5 10 1 20 100
251
Deep Sands 0 0 30 1.15 0.25 0.18 0.05 1 0.37 0.25 0.07 0.19 0.07 1 3 12 1 25 100
Ironstone Gravelly 1 0 45 0.6 0.3 0.21 0.07 1 0.35 0.18 0.07 0.4 0.2 0.1 3 10 1 20 100
Wet or Waterlogged 1 0 35 0.6 0.5 0.35 0.1 1.5 0.35 0.12 0.04 0.35 0.22 0.1 1 10 1 20 100
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252
Wet or Waterlogged 1 0 25 0.6 0.5 0.3 0.07 1.5 0.45 0.35 0.08 0.35 0.22 0.1 2 10 1 50 100
Ironstone Gravelly 1 0 30 0.6 0.3 0.2 0.08 1 0.38 0.36 0.14 0.39 0.2 0.1 6 10 1 10 100
Deep Sands 0 0 25 1.15 0.29 0.18 0.05 1 0.32 0.27 0.09 0.18 0.06 1 6 10 1 20 100
253
Wet or Waterlogged 1 0 20 0.6 0.3 0.24 0.07 1 0.35 0.12 0.04 0.35 0.22 0.1 2 10 1 50 100
Ironstone Gravelly 1 0 25 0.7 0.3 0.2 0.08 1 0.35 0.3 0.1 0.4 0.24 0.1 5 10 1 12 100
Sandy Duplexes 1 0 35 0.35 0.3 0.16 0.05 1 0.41 0.37 0.2 0.4 0.25 0.1 2 10 1 17 100
Deep Sands 0 0 30 1.15 0.3 0.16 0.06 1 0.4 0.25 0.09 0.3 0.09 1 6 10 0 20 100
Loamy Earths 0 0 25 0.8 0.36 0.29 0.1 1 0.38 0.35 0.15 0.4 0.25 0.1 3 10 1 10 100
254
Loamy Earths 0 0 30 0.75 0.38 0.3 0.08 1 0.38 0.35 0.15 0.4 0.25 0.1 2 10 1 10 100
Deep Sands 0 0 30 1.15 0.34 0.17 0.05 1 0.38 0.23 0.08 0.35 0.2 1 3 10 1 20 100
Sandy Duplexes 1 0 30 0.43 0.27 0.17 0.05 1 0.41 0.38 0.21 0.4 0.25 0.1 2 10 1 20 100
Ironstone Gravelly 1 0 30 0.3 0.26 0.21 0.07 1 0.4 0.3 0.12 0.4 0.25 0.1 4 10 1 15 100
Wet or Waterlogged 1 0 30 0.6 0.3 0.24 0.07 1.5 0.32 0.12 0.04 0.35 0.22 0.1 1 10 1 50 100
255
Ironstone Gravelly 1 0 28 0.3 0.31 0.22 0.09 1 0.38 0.25 0.07 0.37 0.17 0.1 8 15 1 15 100
Wet or Waterlogged 1 0 26 0.6 0.34 0.24 0.07 1.5 0.35 0.12 0.04 0.35 0.22 0.1 2 10 1 50 100
Loamy Earths 0 0 20 0.8 0.33 0.26 0.08 1 0.38 0.35 0.15 0.4 0.25 0.1 2 10 1 10 100
Deep Sands 0 0 30 1.15 0.25 0.15 0.05 1 0.37 0.27 0.09 0.18 0.06 1 3 15 1 20 100
Rocky or Stony 1 0 30 0.55 0.39 0.2 0.07 1 0.27 0.12 0.04 0.1 0.02 0.1 1 10 1 10 50
257
Ironstone Gravelly 1 0 33 0.7 0.37 0.21 0.08 1 0.4 0.22 0.07 0.37 0.17 0.1 6 10 1 15 100
Sandy Duplexes 1 0 28 0.51 0.3 0.18 0.06 1 0.4 0.38 0.2 0.4 0.25 0.1 3 10 1 15 100
Deep Sands 0 0 38 1.15 0.34 0.17 0.05 1 0.39 0.21 0.09 0.18 0.06 1 8 10 1 20 100
Loamy Duplexes 1 0 28 0.3 0.45 0.27 0.08 1 0.45 0.38 0.2 0.4 0.25 0.1 2 10 1 10 100
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258
Wet or Waterlogged 1 0 29 0.6 0.5 0.2 0.05 1.5 0.45 0.24 0.05 0.35 0.22 0.1 3 10 1 30 100
Ironstone Gravelly 1 0 33 0.6 0.4 0.15 0.06 1 0.45 0.29 0.1 0.37 0.17 0.1 9 10 1 20 100
Sandy Duplexes 1 0 27 0.44 0.4 0.13 0.06 1 0.4 0.37 0.21 0.4 0.25 0.1 5 10 1 15 100
Deep Sands 0 0 40 1.15 0.39 0.13 0.06 1 0.45 0.3 0.1 0.19 0.06 1 10 10 1 20 100
Sandy Earths 0 0 32 0.5 0.4 0.15 0.06 1 0.34 0.29 0.09 0.4 0.25 1 6 10 1 20 100
Loamy Duplexes 1 0 25 0.3 0.4 0.2 0.05 1 0.41 0.38 0.2 0.4 0.25 0.1 5 10 1 15 100
Loamy Earths 0 0 40 0.7 0.5 0.21 0.05 1 0.6 0.3 0.08 0.4 0.25 0.1 8 10 1 20 100
259
Wet or Waterlogged 1 0 14 0.6 0.41 0.24 0.1 1.5 0.35 0.25 0.11 0.35 0.22 0.1 2 10 1 20 100
Ironstone Gravelly 1 0 30 0.7 0.41 0.25 0.07 1 0.45 0.18 0.07 0.4 0.25 0.1 7 10 1 10 100
Sandy Duplexes 1 0 27 0.48 0.26 0.18 0.08 1 0.38 0.37 0.21 0.4 0.25 0.1 3 10 1 10 100
Deep Sands 0 0 30 1.15 0.33 0.18 0.07 1 0.39 0.21 0.09 0.4 0.25 1 8 10 1 25 100
Sandy Earths 0 0 30 0.5 0.3 0.19 0.09 1 0.34 0.29 0.1 0.4 0.25 1 3 10 1 20 100
Loamy Duplexes 1 0 27 0.3 0.38 0.3 0.1 1 0.41 0.37 0.2 0.4 0.25 0.1 3 10 1 10 100
Loamy Earths 0 0 34 0.7 0.5 0.25 0.09 1 0.5 0.35 0.19 0.4 0.25 0.1 3 10 1 20 100
271
Rocky or Stony 1 0 30 0.4 0.4 0.12 0.05 1 0.33 0.1 0.04 1 0.02 0.1 1 10 1 10 50
Shallow Sands 1 0 30 0.6 0.4 0.15 0.07 1 0.45 0.2 0.06 0.18 0.06 0.1 5 10 1 30 100
Deep Sands 0 0 30 1.15 0.4 0.14 0.04 1 0.38 0.19 0.08 0.18 0.07 1 9 10 1 20 100
Shallow Loams 1 0 30 0.3 0.5 0.27 0.06 1 0.5 0.29 0.07 0.18 0.08 0.1 5 10 1 25 100
Loamy Earths 0 0 30 0.8 0.5 0.22 0.05 1 0.48 0.37 0.11 0.4 0.25 0.1 7 10 1 10 100
272
Rocky or Stony 1 0 30 0.5 0.33 0.13 0.05 1 0.25 0.12 0.05 1 0.02 0.1 5 10 1 10 50
Shallow Loams 1 0 35 0.4 0.5 0.2 0.05 1 0.45 0.24 0.05 0.4 0.24 0.1 6 10 1 25 100
